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(54) A color active pixel sensor with electronic shuttering, anti-blooming and low cross-talk 



(57) An active pixel sensor architecture comprising 
a semiconductor substrate having a plurality of pixels 
formed, thereon, incorporating micrdens and light- 
shields into the pixel architecture. Eacli of the pixels fur- 
tfier comprising: a photodetector region upon which 
incident light will form photoelectrons to be collected as 
a signal charge; means for transferring the signal 
charge from the photodetector region to a charge stor- 



age region that is covered by a light shield; a sense 
node that is an input to an amplifier; the sense node 
being operatively connected to the signal storage 
region. The pixel architecture facilitates symmetrical 
design of pixels which allows fa incorporation of light 
shield and miaolens technology into the design. 




10 



FIG. 1A 



Pnmed by Rank Xerox (UK) Business Services 
2.l4.m.4 



1 



EP0 809 303 A1 



2 



Description 

HELD OF INVENTION 

"The present invention relates generally to the field s 
of solid state photosensors, and in particular to Active 
Pixel Sensors (APS). 

BACKGROUND OF THE INVENTION 

10 

APS are solid state Imagers where each pixel con- 
tains a photosensing means, charge to voltage conver- 
sion means, reset means and all or part of an amplifier. 
APS devices are typically operated in a manner wherein 
each line, or row. of the imager is integrated, read out is 
and then reset at a different time interval. Therefore, in 
reading out the entire image, each line has captured the 
scene at a different point in time. Since illumination con- 
ditions vary temporally, and since objects in the scene 
may also be moving, this method of read out can pro- 20 
duce line artifacts in the resulting representation of the 
image. This limits the usefulness of APS devices in 
applications wh&e high quality motion or still images 
are required. 

Additionally, the charge to voltage conversion 25 
region, and otiier active transistor regions (i.a ottier 
than the photosensing region), of APS devices are not 
shielded from the scene illumination. As a result, free 
electrons will be generated in those regions. These 
electrons are not effectively confined to tiie pixel in 30 
which they were generated, and can diffuse into adja- 
cent pixels. This causes a degradation of the spatial 
accuracy of the image signal, and ttie modulation trans- 
fer function (MTF) of the image sensor. This is espe- 
cially problematic in color image sensors where this 35 
pixel cross-talk leads to color mixing, adversely affect- 
ing the color balance of the image. 

Since APS devices are typically fabricated in 
CMOS foundries, they do not incorporate color filter 
arrays (CFA) or micro-lens anays (jiLens), and the 40 
shape and size of tfie photosensing area has not been 
optimized for incorporation of CFA and ^iLens. A reason 
for this is that prior art active pixel sensors are typically 
monochrome. For most imaging applications it is desir- 
able to have a color sensor. Even if CFA and uLens 45 
were placed on prior art APS devices, the resulting 
images would have poor color I^TF due to cross-talk 
and photosensing area that has not been optimized. 

To solve the above discussed problems, it is desira- 
ble to perform integration at the same point and interval so 
of time for every pixel, and subsequentiy transfer this 
charge to a storage region in each pixel that is shielded 
from the scene illumination. This is referred to as frame 
integration. It is also desirable to have all regions except 
for the photodetector effectively shielded from the scene ss 
illumination to improve the MTF It is further desirable to 
provide blooming control during integration, and more 
inportantiy for frame integration, during storage and 
read out of the device. Finally, it is desirable to incorpo- 



rate CFA and pLens, and design the photosensing 
region to enable effective use of CFA and uLens. These 
and other issues are solved by the teachings of the 
present invention. 

SUMMARY OF THE INVENTION 

A new APS device pixel architecture, and method of 
operation, has been devised that uses simultaneous 
integration of the scene illumination at each pixel, and 
subsequent simultaneous transfer of signal electrons at 
each pixel to a light shielded charge storage region. It 
comprises an alternative charge integration and transfer 
scheme, and pixel architecture that enable contempora- 
neous electronic shuttering and image capture and stor- 
age of all pixels on the sensor. This is provided by tiie 
present invention active pixel sensor comprising a sem- 
iconductor substrate having a plurality of pixels formed 
on the substrate such that at least one of the pixels has: 
a photodetector region upon which incident light will 
form photoelectrons to be collected as a signal charge, 
a color filter above the photodetector region, a light 
shield over at least the charge storage region having an 
aperture above the photodetector region, a means for 
transfemng the signal charge from the photodetector 
region to a charge storage region, a sense node that is 
an input to an amplifier, the sense node being opera- 
tively connected to the signal storage region. 

In tfnis invention tiie shape of the photodetector is 
designed with dimensional symmetry so that a jiLens 
could be used to maximize the effective fill factor, and 
provide high quality color images. 

These and other aspects, objects, features and 
advantages of the present invention will be more clearly 
understood and appreciated from a review of tiie follow- 
ing detailed description of the preferred embodiments 
and appended claims, and by reference to tiie accom- 
panying drawings. 

Advantageous Effect Of Th e Invention 

Reset and integration at each pixel simultaneously 
once per frame eliminates artifacts caused by changing 
scene illumination or scene motion. Light shielding of 
ttie pixel including the charge storage region allows tiiis 
operation. 

Creation of an aperture within the light shield at 
least over the photodetector region, improves device 
MTF by preventing generation of photoelectrons in 
regions outside of the photodetector of a given pixel 
from being collected in ttie photodetector or charge stor- 
age region of adjacent pixels. Inclusion of a photodetec- 
tor lateral or vertical overflow drain (LOD or VOD), 
provides blooming control during storage and read out 
Inclusion of CFA and microlenses and an appropriately 
designed photodetector region provides high quality 
color images. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 A is a cross sectional diagram of a pixel as 
envisioned by the present invention; 

FIG. 1 B is a cross sectional diagram of a second 
embodiment of the present invention; 

FIG, 2 A is a diagram of a typical prior art pixel for an 
Active Pixel Sensor; 

FIG. 2B is a diagram of a pixel for an Active Pixel 
Sensor as envisioned by the present invention; 

FIG. 3A is an electrostatic diagram for the reset 
function of the present invention shown in FIG. 1 A; 

FIG. 3B Is an electrostatic diagram for the reset 
function of the present invention shown in FIG. 18; 

FIG. 4A is an electrostatic diagram for the integra- 
tion function of the present invention shown in FIG. 
1A; 

FIG. 4B is an electrostatic diagram for the integra- 
tion function of the present invention shown in FIG 
1B; 

FIG. 5A is an electrostatic diagram for the transfer 
function of the present invention shown in FIG. 1A; 

FIG. 58 is an electrostatic diagram for the transfer 
function of the present invention shown in FIG. 1B; 

FIG. 6A is an electrostatic diagram for the store 
function of the present invention shown in FIG. 1 A; 
and 

FIG. 6B is an electrostatic diagram for the store 
function of the present invention shown in FIG. 1B. 

To facilitate understanding, identical reference 
numerals have been used, where possible, to designate 
identical elements that are common to the figures. 

DETAILED DESCRIPTION OF THE INVENTinN 

We have discovered a new APS device pixel archi- 
tecture, and method of operation, that uses simultane- 
ous integration of the scene illumination at each pixel, 
and subsequent simultaneous transfer of signal elec- 
trons at each pixel to a light shielded charge storage 
region. This pixel architecture and method of operation 
eliminates the image artifacts caused by the line by line 
integration and read out method of prior art APS 
devices, while n^intaining electronic shuttering capabil- 
ity and antibiooming control. 

Figs. 1 A and Rg. 1 B illustrate cross sections of two 
different embodiments of the present invention illustrat- 



ing relevant regions of the pixel architecture. While It wrill 
be understood to those skilled in the art that numerous 
variations of the specific physical embodiments of this 
invention can be achieved, these prefen'ed embodi- 
5 ments are chosen for example and illustration. For 
example, the photodetector shown in Figs. 1A and IB 
as a pinned photodiode, could be any photosensing 
means such as a photogate or photodiode that do not 
have pinning layers. 

w The pixel in Fig. 1 A comprises a photodiode 1 2 with 
a vertical overflow drain 1 4, transfer gate 1 6, floating dif- 
fusion 18, reset gate 17, reset drain 19, and a light 
shield 8. A light shield aperture 9, color filter 4, and 
^Lens 6 are placed over the photodetector such thai 
15 light is focused through microlens 6 into light shield 
aperture 9 after passing through color filter 4. Therefore, 
the light entering photodiode 12 has a wavelength that 
is within a predetermined l^andwidth as determined by 
the color filter 4. 

20 Fig. IB is a cross sectional diagram of a second 
embodiment of the present invention, and is similar in 
many respects to the embodinront shown in Fig. la 
except that there are two transfer gates 26. 36, and a 
storage region 38. In both cases the light shield is con- 

25 stmcted by effectively covering all regions except the 
photodetectors (photodiode 12 in this case), with an 
opaque layer or overlapping layers, so that Incident light 
falls only on the photodiode area. Creation of an aper- 
ture in a light shield that limits the aeation of photoelec- 

30 trons to the photodetector region suppresses cross-talk 
between pixels. 

A comparison of prior art APS pixels to the present 
invention is seen by comparing Rg. 2A to Fig. 2B. The 
prior art device 5 would simply pack the required active 

35 transistors into a region as small as possible, as indi- 
cated as anr^jl'ifier area 25. and then allocate tiie 
remaining pixel area to tiie photodetector area 15. with- 
out regard to the resulting shape of the photodetector. 
As a result the photodetector, lacked dimensional sym- 

40 met- y, and is not well suited for incorporation of CFA 
and ^iLens. Still refemng to Fig. 2. the present invention 
employs a symmetrically shaped photodetector area, 
seen here as rectangular photodetector area 1 1, tiiat is 
symmetric in 2-dimensions about its center. While a rec- 

45 tangular photodetector is shown, a square, elliptical or 
circular shaped photodetector is also envisioned. The 
symmetry of the photodetector makes possible an eco- 
nomical manner of placing light shield 8. aperture 9, 
color filter 10 and micro-lens 6 above the photodetector 

50 region. This provides the ability to make a pixel with tiie 
same fill factor as the prior art pixel, with a physically 
smaller pixel. Alternatively, one can keep the same pixel 
size and allocate a larger area to the amplifier, providing 
n>ore amplifier design flexibility, and maintain the same 

55 fill factor as the prior art pixel. This can be seen in com- 
paring Rgs. 2A and 2B. If one places a microlens over a 
prior art pixel as shown in Fig. 2A, such that the incident 
light is focused onto the photodetector as is indicated, 
the fill factor of the pixel is maximized. However, in order 
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to focus the light into the area as shown, the miaolens 
must be offset from the pixel center. Consequently, 
there is no longer any benefit to having photodetector 
area in the upper right hand corner of the pixel. Addi- 
tionally, since there is an increase of the physical size of 5 
the photodetector without any benefit in fill factor, the 
capacitance of the photodetector is unnecessarily large. 
This will adversely affect the sensitivity in the case of a 
photodiode or photogate detector. It will also increase 
the anx)unt of pixel cross-talk and reduce the latitude of w 
color filter array overlap, producing a degradation in the 
MTF of the sensor. 

If the pixel and photodetector layout were modified 
as shown in the present invention of Fig. 2B, and a mic- 
rolens similarly employed as shewn in Fig. 2B, the fill is 
factor is identical to that of the prior art pixel. The modi- 
fication can be accomplished by keeping the pixel size 
the same and allocating nnore pixel area to the amplifier. 
This provides lower fixed pattern noise and Iff noise. 
The modification can also be accon^lished by simply 20 
eliminating the part of the photodetector in the upper 
right hand corner of the prior art pixel, thus reducing the 
size of the pixel. This provides a higher resolution sen- 
sor with the same fill factor. Prior art APS sensors are 
typically monochrome, and their corresponding fabrica- 25 
tion techniques did not elicit the type of architecture that 
lends itself to color pixel architecture. Additionally, prior 
art APS pixels did not provide a light shield within the 
pixel, and did not employ a microlens. 

30 

Reset Operation: 

Fig. 3A illustrates the reset operation for the pixel 1 
in Fig. 1 A. The pixel 1 is reset by turning both Transfer 
Gate 16 and Reset Gate 17 on, as shown. Any elec- 35 
trons in the photodiode 12, and f bating diffusion 18 are 
pulled out through the reset drain 1 9. This is done simul- 
taneously at each pixel, and done once per frame. 

With the reset mode of operation shown in Fig. 3A, 
con-elated double sampling cannot be used since the 40 
reset level is not available immediately prior to the read 
level, on a per line, or per pixel rate. Ck)nsequentfy. the 
benefits of CDS are lost. However, since the reset level 
can be obtained after a read operation, amplifier offset 
cancellation can be accomplished. In practice the ampli- 45 
f ier offset noise is more objectionable than the reset and 
1/f noise that is removed by CDS. Therefore, this reset 
mode of operation is still sufficient absent correlated 
double sampling. 

Fig. 3B illustrates the reset operation for the pixel 2 so 
shown in Rg. 1 B. where the pixel 2 is reset by turning on 
Transfer Gate 26, Storage region 38, Transfer Gate 36 
and Reset Gate 27. In a manner similar to the first 
embodiment discussed above, any electrons in the pho- 
todiode 12, floating diffusion 28. and storage region 38 55 
are pulled out through the reset drain 29, Again, this is 
done simultaneously at each pixel, and done once per 
frame. 

Referring to Fig. 1 B, another reset mode can be 



employed, by pulsing the VOD 14 (or turning on the lat- 
eral overflow drain (LCD) if used instead of a VOD). This 
empties the photodiode 12 only. The floating diffusion 
28 can then be reset on a line by line t>asis (as in prior 
art. except reset is done before read) so that a reset 
level can be stored and used for correlated double sam- 
pling. 

Frame Integration Operation: 

Image integration is acconplished by collecting 
photo-generated electrons in the photodiode. Referring 
to the device of Fig. 1 A, the transfer gate 1 6 is placed at 
a voltage that provides an electrostatic barrier between 
the photodiode and the floating diffusion (transfer gate 

1 6 off slate) . and the reset gate 1 7 is held either in its on 
or off state (see Fig. 4A). 

Refening to the device shown in Fig. 1 B, integration 
is done with transfer gate 26 in the off state as shown in 
Fig. 4B. Here, the storage region 38 and transfer gate 
36 can be on or off. but preferably storage region 38 is 
kept in an off state to reduce aoss-talk, see Fig. 4B. 
Keeping reset gate 27 and transfer gate 36 on during 
this time will eliminate dark cun^ent signal from building 
up in the floating diffusion 28 or storage region 38, and 
allows long integration times. The integration time is 
determined by the time between the photodetector reset 
and transfer (see transfer operation described below). 

Transfer and Storage Operation: 

After the desired integration time has elapsed, 
charge is transfen-ed from the photodiode to the floating 
diffusion or storage region. In the device shown in Rg. 
1A, tills is done by pulsing transfer gate 16 on (i.e. by 
making the electrostatic potential under transfer gate 16 
deeper than the potential of photodiode 12). Reset gate 

1 7 must be turned off prior to transfer (see Rg. 5A). 

For the device of Fig. IB, transfer is accomplished 
as shown in Rg. 58, by pulsing transfer gate 26 on and 
turning storage region 38 on while keeping transfer gate 
36 off. In each architecture, charge transfer is done 
simultaneously at each pixel. Since tiie f toating diffusion 
and storage region 38 regions are shielded from the 
scene illumination and are protected from blooming of 
charge in the photodiode, tiie signal can be stored on 
the floating diffusion or under the storage region without 
being modulated by the scene illumination. 

Read Operation: 

Refening to Rg. 6A.. which show the read opera- 
tion for tiie device of Fig. 1 A. the charge is already resid- 
ing on the floating diffusion 18. so the read operation is 
accomplished by simply addressing each pixel as done 
in prior art. In this case a reset level cannot be read line 
by line, thus it is not possible to perform correlated dou- 
ble sampling, as previously discussed. 

For the device of Fig. IB, tiie read operation is 
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accomplished by first resetting the floating diffusion by 
turning reset gate 27 on; next reading the reset level, 
then pulsing transfer gate 36 on while turning storage 
region 38 off. The charge has now been transferred to 
the floating diffusion, and the signal charge can be read. 
This architecture provides the capability to do correlated 
double sampling. Ref©- to Fig. 6B. 

Antiblooming Control Purina Storage and Readout 

Antiblooming control during integration can be 
accomplished in a similar manner to that of prior art 
APS devices. This is done by keeping the reset gate on 
during integration so that any excess photo^ectrons 
generated in the photodetector can spill over the trans- 
fer gate onto the floating diffusion and be removed via 
the reset drain. This method cannot be used to provide 
antiblooming control during readout of prior art or 
present invention devices. If the incident image changes 
such that an extremely bright region appears during the 
readout period, excess photoelectrons wilt be gener- 
ated in the short readout time and conrupt the signal 
electron packet that is being sensed on the floating dif- 
fusion. This will be more problematic in the present 
invention since the time of the storage operation can 
exceed the time of the readout operation. A new means 
for antiblooming control during readout and storage 
operation is thus required. This is presented and 
described in the follov^ng paragraph. It should be noted 
that this new method for antiblooming control during 
readout is useful for APS that do not utilize frame inte- 
gration. The prior art APS mode of line by line integra- 
tion can be improved by inclusion of a VOD or LOD in 
the prior art pixel that does not contain a light shield, so 
that blooming cannot occur during readout in this mode 
of operation. In addition the presence of the VOD 14 
suppresses cross-talk between pixels. 

Antiblooming is controlled by adjusting the electro- 
static barrier to the VOD 14 such that it is deeper than 
the off potential for the trarwfer gate 16 for the case of 
Fig. 1 A (or transfer gate 26 for the case of FIG. IB). This 
will allow excess electrons generated by any bright 
object in the scene to spill into the VOD 14, and not 
bloom into the floating diffusion 18 (or floating diffusion 
28 fa the case of Fig. IB) or other areas of the same 
pixel or adjacent pixels and cause undesired blooming 
artifacts. 

Antiblooming control can be done similarly with a 
lateral overflow drain (not shown), using either a physi- 
cal gate or a virtual gate adjacent to the photodiode. 
The potential of the electrostatic banrier to the lateral 
overflow drain (LOD) must also be deeper than that of 
the transfer gate. This approach adversely affects the fill 
factor for a given pixel size since area must be allocated 
to the LOD structure. A VOD provides blooming control 
without impacting fill. 



Electronic Shutter Operation: 

Electronic shuttering refers to ttie ability to shutter 
the imager without the need for a mechanical or electro- 

5 optic device to tilock the incident light. Electronic shut- 
tering is accomplished by having a light shielded charge 
storage region in each pixel, (floating diffusion 18 in this 
case of Rg. 1 A, storage region 38 for Rg. 1 B), and an 
overflow drain for the photodiode (VOD 14 in the case of 

10 tiie preferred embodiment being discussed, herein). As 
described in discussion relating to integration operation, 
the shutter or integration time is simply time between 
reset and transfer, or the time between turning off tiie 
LOD (or the VOD 14) and transfer. Typically the LOD is 

15 turned on by application of a signal pulse to the lateral 
overflow gate, or the VOD 14 is tijrned on by applying a 
signal pulse to tiie VOD 14 itself. After the charge is 
transfen-ed to light shielded floating diffusion (18 or 28) 
or storage region 38, it can Uien be stored or read out 

20 without being affected by the incident light because 
electrons are now not photo*generated in the floating 
diffusion (18 or 28) or storage region 38. and electrons 
generated in the photodiode during tiie storage and 
read out interval cannot spill over into the floating diffu- 

25 sion 18 or storage region 38 regions since they are 
taken out by the VOD 1 4. 

The invention has been described with reference to 
a preferred entxxiiment. However, it will be appreciated 
that variations and modifications can be effected by a 

30 person of ordinary skill in the art without departing from 
tiie scope of the invention. 

Parts List : 
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color filter array 
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prior art pixel 
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micro-lens 
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light shield 
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light shield aperture 
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pixel of the first preferred embodiment 
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photodetector area 




12 


photodiode 
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VOD 




15 


photodetector area 
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transfer gate 
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reset gate 
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floating diffusion 
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reset drain 
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2nd preferred embodiment of the present inven- 
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amplifier area 
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transfer gate 
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reset gate 
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floating diffusion 
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drain 
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transfer gate 
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storage region 
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Claims 

1. In an active pixel sensor having a semiconductor 
material with at least one pixel such that the pixel 
has a photodetector region upon which incident 
light will form photoelectrons to be collected as a 
signal charge, and means for transferring the signal 
charge from the photodetector region to a sense 
node connected to an Input on an amplifier, the 
improvement comprising: a pixel design having a 
light shield covering the pixel except at least above 
a portion of the photodetector region. 



9. The pixel of daim 8 wherein the pixel further com- 
prises a light shield over the charge storage region 
having an aperture above the photodetector region. 

1 0. The pixel of claim 9 further comprising a color filter 
above the aperture. 



2. The pixel of claim 1 wherein the inrprovement fur- 
ther oomphses the light shield having an aperture 
above at least a portion of the photodetector region. 



15 



The pixel of claim 1 wherein the improvement fur- 
ther comprises a color filter over at least a portion of 
the photodetector. 



20 



4. The active pixel of claim 1 wherein the improvement 
further comprises a microlens over the pixel. 

5. The pixel of claim 1 wherein the improvement fur- 25 
ther comprises the photodetector region being 
shaped such that it has a 2-dimensional symmetry 
about its center. 



6. An active pixel sensor having a semiconductor 30 
material with at least one pixel formed, thereon, the 
pixel further comprising: 

a photodetector region upon which incident 
light will form photoelectrons to be collected as 35 
a signal charge, means for transferring the sig- 
nal charge from the photodetector region to a 
charge storage region that is covered by a light 
shield, a sense node that is an input to an 
amplifier, the sense node being operatively 40 
connected to the signal storage region. 

7. The sensor of claim 6 wherein the sensor has a plu- 
rality of pixels formed in an X-Y matrix. 

45 

8. An active pixel sensor a semiconductor material 
having at least one pixel formed, thereon; such that 
the pixel further comprises: 



a photodetector region upon which incident so 
light will form photoelectrons to be collected as 
a signal charge, a color filter above the photo- 
detector region, means for transferring the sig- 
nal charge from the photodetector region to a 
charge storage region, a sense node that is an 55 
input to an amplifier, the sense node being 
operatively connected to the signal storage 
region. 
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